SUMMARY Prolonged (> 152 msec) calculated sinoatrial conduction times (SACT) were found in 24 of 470 patients studied by the atrial extrastimulus technique, ranging from 155 to 220 msec (180 ± 4.4; mean ± SEM). There were 18 males and six females with ages of 29 Although it has been reported that patients with sinus node dysfunction frequently have longer sinoatrial conduction times than patients without sinus node disease,3' the clinical, electrocardiographic and electrophysiological significance of prolonged sinoatrial conduction time in man is not known. In the present study, we have systematically examined a group of patients with prolonged sinoatrial conduction time. In addition, short-term follow-up observations of symptomatic sinus node disease were made.
SUMMARY Prolonged (> 152 msec) calculated sinoatrial conduction times (SACT) were found in 24 of 470 patients studied by the atrial extrastimulus technique, ranging from 155 to 220 msec (180 ± 4.4; mean ± SEM). There were 18 males and six females with ages of 29 to 85 (mean 65 ± 2.6). Electrocardiographic monitoring revealed significant sinus or atrial dysrhythmias in 19 (79%) patients. Of these 19, 15 had persistent sinus bradycardia and/or sinoatrial block, three had sinus bradyarrhythmia with paroxysmal atrial tachycardia, and one had isolated atrial tachycardia. Additional electrophysiological evidence of sinus node or atrial dys-IN 1973, STRAUSS AND CO-WORKERS reported a method for indirect calculation of sinoatrial conduction time, utilizing the timing of return responses following reset of the sinus node with atrial extrastimuli.' They reported calculated sinoatrial conduction times of 68 to 156 msec in four patients with sinus node disease. In one additional patient, they noted total inability to reset the sinus node (zone I response), a phenomenon termed as first degree sinoatrial block with interference because of presumed perinodal refractoriness. Utilizing the method of Strauss et al., our laboratory has reported calculated sinoatrial conduction times in 36 patients without apparent sinus node disease ranging from 40 to 153 msec. 2 Although it has been reported that patients with sinus node dysfunction frequently have longer sinoatrial conduction times than patients without sinus node disease,3' the clinical, electrocardiographic and electrophysiological significance of prolonged sinoatrial conduction time in man is not known. In the present study, we have systematically examined a group of patients with prolonged sinoatrial conduction time. In addition, short-term follow-up observations of symptomatic sinus node disease were made.
Patients and Methods

Definitions
The following electrocardiographic definitions were utilized: Sinus bradycardia was defined as a mean sinus rate of less than 60 beats/min. Persistent resting sinus bradycardia described patients in whom all resting electrocardiograms revealed sinus rates less than 60 beats/min. Sinoatrial block was defined by the presence of dropped sinus P waves with a resulting asystolic pause which was a function was present in 11 patients. Four patients needed permanent pacing during follow-up (mean follow-up period of 427 ± 39 days) because of symptomatic bradyarrhythmia. Three patients died, none suddenly.
In conclusion, prolonged calculated SACT was associated with a high incidence of electrocardiographic and electrophysiologic abnormalities of sinus node and/or atrium. Despite this, bradyarrhythmic morbidity was relatively low, suggesting that prolonged sinoatrial conduction time in the absence of symptoms is not an indication for prophylactic pacing.
multiple of sinus cycle length.5 Asystolic periods greater than one and a half sinus cycle length but less than two sinus cycle lengths were also noted and were classified as sinus pauses. Atrial arrhythmias (paroxysmal atrial tachycardia and atrial fibrillation) and conduction defects were diagnosed using standard electrocardiographic criteria. Between January 1974 and January 1976, 470 patients underwent diagnostic electrophysiological studies in our laboratories, utilizing atrial pacing and atrial extrastimulus testing. Indications for study included atrioventricular (A-V) and intraventricular conduction defects, atrial or ventricular tachyarrhythmia, and suspected sinus node disease. The latter category accounted for 52 of the 470 patients studied.
Of the 470 patients, 24 (5%) had a prolonged (greater than 152 msec) calculated sinoatrial conduction time or a Zone I response (23 and one patient, respectively).2 These 24 included 15 with suspected sinus node disease (29% of the 52 patients with suspected sinus node disease) and nine without previously suspected sinus node disease (2% of 418 patients without suspected sinus node disease).
Clinical Methods
Initial evaluation of patients included history, physical examination, chest X-ray and serial electrocardiograms. Informed written consent was obtained prior to electrophysiological study. Electrophysiological studies were performed utilizing previously described catheter techniques.7 Cardiac drugs were withheld for 48-72 hours before study. Measurements of A-H and H-V intervals were made at paper speeds of 200 mm/sec and reflect the mean of ten consecutive sinus beats. Refractory periods of the atrium and A-V node were measured as previously described by Denes and co-workers. 8 The validity of these measurements has been supported by recent studies reported by Reddy et al.9 Sinus node function was evaluated with both rapid atrial pacing and extrastimulus technique. Sinus node recovery times were measured by noting the asystolic pause after sudden cessation of atrial pacing. In each patient, three 8 recovery times were measured at a paced rate of 130 beats/min and averaged (normal 1680 msec or less). 7 Sinus node responses to atrial extrastimuli3 (A2) were categorized by noting the time of occurrence of the first spontaneous sinus beat (A3) following A2. Non-reset due to sinus interference was defined when A3 occurred at an A2-A3 interval of more than spontaneous sinus cycle (A1-A,) and A1-A3 (coupling interval and return cycle interval) equaled twice A1-A1. Sinus reset was defined when A2-A3 was either equal to or more than A1-A1 and A1-A3 was less than twice A1-A,. Sinus interpolation was defined when A2-A3 was less than A1-A, and A1-A3 was either equal to A1-A, (complete interpolation) or more than A1-A1 (incomplete interpolation). Sinus echoes were defined when A1-A3 interval was less than A,-A,, and P wave morphology of A3 approximated that of the normal P wave with a high to low sequence of atrial activation.
Each patient was categorized as to whether or not he had the above zones. In each patient, a zone, if present, was defined by its longest and shortest A,-A, coupling interval and in terms of its absolute duration. When considering all patients with a given zone, the zone was described in terms of its mean longest and shortest A1-A2 coupling intervals as well as its mean absolute duration.
Sinoatrial conduction time was calculated as described by Strauss and associates.' For each patient, this was obtained by measuring the difference between A2-A3 and A1-A1 interval during the zone of reset and dividing by two. A mean sinoatrial conduction time was calculated for each patient using all reset responses 92 ± 60 msec; normal mean + 2 SD).2 To be included in this study of patients with prolonged sinoatrial conduction time, reset responses had to meet the following criteria: 1) Reset responses had to decrease linearly with decrease in coupling interval, parallel to line of reset ( fig. 1). 2) There had to be at least ten measurable reset responses in the zone of reset ( fig. 1). 3) The P wave morphology of the reset return beat (A3) and its high-to-low activation sequence had to resemble that of sinus P wave ( fig. 2 C, D) . 4) Significant atrial ectopic activity and sinus arrhythmia (greater than 5% variation in spontaneous sinus cycle length) had to be absent ( fig. 2, A-D) . Three patients with apparently prolonged calculated sinoatrial conduction time failed to meet criteria 2 and/or 4 and were excluded from the present report.
Patient Follow-up This study of patients with prolonged sinoatrial conduction time was conducted concomitantly with a large prospective study of patients with chronic intraventricular conduction defects.10-13 Follow-up consisted of periodic visits of patients at one to three monthly intervals to a conduction clinic. Each clinic visit included history, physical examination and electrocardiogram. Development of major symptoms (dizziness, syncope, or congestive heart failure) warranted rehospitalization of patients and in-patient electrocardiographic monitoring. Portable 24-hour outpatient tape-recorded electrocardiographic monitoring (Holter Avionics) was also utilized in 13 patients for detection of transient bradyarrhythmias. All 13 patients had dizziness or syncope. Documented symptomatic bradyarrhythmia was treated with permanent pacemaker implantation.
Results
Clinical Data (table 1) There were 18 males and six females with ages ranging from 29 to 85 years (65 ± 2.6 years). Cardiovascular diagnoses in these patients included arteriosclerotic heart tZone of interference accounted for 100% of scanned sinus cycle length.
Abbreviations: Pt = patient number; M = male; F = female; ASHD = arteriosclerotic heart disease; HCVD = hypertensive cardiovascular disease; VHD = valvular heart disease; susp. SND = suspected sinus node disease; NYHA Class = New York Heart Association Functional Classification; CHF = congestive heart failure; Syn = syncope; Msec = millisecond; SACT = sinoatrial conduction time; SRT = sinus node recovery time; ERP = effective refractory period; FRP = functional refractory period. disease in ten patients (42%), hypertensive cardiovascular disease in five (21%), valvular heart disease in three (12%) and no diagnosable organic heart disease in six (25%).
Symptoms atrial dysrhythmia, 15 had sinus bradyarrhythmias alone (sinus bradycardia and/or sinoatrial block), three had both sinus bradyarrhythmia and atrial tachycardia and one had isolated atrial tachycardia.
For comparison, the frequency of atrial dysrhythmias was investigated in 37 patients with suspected sinus node disease (sinus bradycardia, S-A block and/or sinus arrest) and normal calculated sinoatrial conduction time. Ten of these (27%) had significant atrial arrhythmias: five with paroxysmal atrial flutter or fibrillation and five with atrial tachycardia. In addition, three (8%) other patients had multiple premature atrial contractions on resting electrocardiograms.
Other Electrocardiographic Observations P-R intervals ranged from 0.13 to 0.34 sec (mean, 0.21 ± 0.01) and were prolonged (greater than 0.20 sec) in 12 of 24 (50%) patients. Intraventricular conduction defects were present in ten patients (42%): three with left anterior hemiblock, four with right bundle branch block and left anterior hemiblock and three with left bundle branch block. Multiple premature ventricular contractions were present in four patients and two of these had intermittent ventricular tachycardia.
Sinoatrial Function (table 1) By definition (study design), calculated sinoatrial conduction times were prolonged in the 23 patients with a zone of reset and ranged from 155 to 220 msec with a mean ± SEM of 180 ± 4.4 msec. In an additional patient, only Zone I responses were present throughout the scanned sinus cycle suggesting prolonged sinoatrial conduction time. The zones of sinus responses to atrial extrastimuli were as follows: A zone of non-reset due to interference (Zone I) was defined in all patients during late atrial diastole (figs. 1 and 2). The mean zone of interference was between 975 (outer limit) and 574 msec (inner limit) with an absolute duration of 401 msec at a mean sinus cycle length of 975 msec (figs. 1, 2 A and B). This zone accounted for the last 41% of the total sinus cycle length.
Sinus reset was defined in all patients except the one with a Zone I response (in whom the zone of interference accounted for 100% of scanned sinus cycle length). The mean zone of reset in the 23 patients was between 570 (outer limit) and 352 msec (inner limit), with an absolute duration of 218 msec at a mean sinus cycle length of 962 msec, accounting for middle 22% of the sinus cycle length (figs. 1, 2 C and D). A zone of interpolation was defined in two patients and ranged from 315 (outer limit) and 285 msec (inner limit) with an absolute duration of 30 msec at a mean sinus cycle length of 885 msec and accounted for 3% of scanned cycle length. None of the patients had sinus echo responses during atrial extrastimulus testing.
Sinus node recovery times were measured in all patients. These ranged from 820 to 2740 msec with a mean of 1421 ± 98 msec and were prolonged (>1680 msec) in five (20%). Atrial effective and functional refractory periods were measured during sinus rhythm. Atrial effective refractory period ranged from 190 to 530 msec with a mean of 298 ± 15.7 msec and was prolonged (>350 msec) in four (16%). The atrial functional refractory period ranged from 280 to 550 msec, with a mean of 352 ± 15.4 msec, and was prolonged (>375 msec) in eight (33%).
In summary, in addition to prolonged sinoatrial conduction time, 11 (46%) patients had electrophysiological evidence of sinus node or atrial dysfunction. Three patients had evidence of sinus node dysfunction alone, six had evidence of isolated atrial dysfunction, and two had both sinus and atrial dysfunction.
A-V Nodal and Intraventricular Conduction
A-H interval ranged from 54 to 225 msec, with a mean of 118 ± 9.7 msec, and was prolonged (>130 msec) in six (25%).7 A-V nodal effective refractory period could be measured in eight patients and ranged from 270 to 510 msec, with a mean of 419 ± 10.5 msec and was prolonged (>400 msec) in four (16%). Atrioventricular nodal functional refractory period, measured in all patients, ranged from 370 to 580 msec with a mean of 492 ± 11 msec and was prolonged (>500 msec) in 12 (50%). H-V interval (HisPurkinje conduction) ranged from 31 to 75 msec with a mean of 47 ± 2.6 msec and was prolonged in (>55 msec) in five patients (21%).?
In summary, 12 patients (50%) had electrophysiological evidence of A-V nodal dysfunction and/or abnormalities of intraventricular conduction.
Follow-up Data (table 3) Follow-up periods ranged from 28 to 668 days with a mean of 427 ± 39 days. Permanent pacemakers were implanted in four patients who developed symptomatic bradyarrhythmia.
Patient 1 was an 85-year-old female with arteriosclerotic heart disesse, congestive heart failure, and sinus brady- Abbreviations: Pt. = patient number; PMR = permanent pacemaker insertion; CHF = congestive heart failure; CVA = cerebrovascular accident.
atrial conduction time was calculated to be half the difference between return and spontaneous sinus cycles. Calculated sinoatrial conduction time in their four patients with sinus node disease ranged from 68 to 156 msec.
Recently, several workers have reported ranges of normal values for calculated sinoatrial conduction time in patients without apparent sinus node dysfunction. Calculated sinoatrial conduction times ranged from 40-70 msec, with a mean ± 2 SD of 56 ± 22 msec, in five patients reported by Steinbeck et al.,3 from 39.5 to 97.5 msec, with a mean ± 2 SD of 70 ± 30 msec, in 18 patients reported by Masini et al;"' from 28.5 to 115.5 msec, with a mean + 2 SD of 84.5 ± 26 msec, in 20 patients reported by Engel and co-workers,4 and from 40 to 153 msec, with a mean ± 2 SD of 92 ± 60 msec in 36 patients reported from our laboratory.2 In the present report, we have used our own upper limit of normal (152 msec). We recognize that is somewhat longer than other laboratories. Because of this, some workers might consider the patients in the present series as having moderate or marked sinoatrial conduction time prolongation.
The indirect calculation of sinoatrial conduction time in man necessitates several assumptions: 1) there is no change in sinus automaticity or shift of sinus pacemaker with atrial extrastimuli; 2) all extrastimuli during the zone of reset are able to penetrate the sinus node and reset it; and 3) the antegrade and retrograde conduction times through the perinodal fibers are of equal magnitude.
In a recent experimental study, Miller and Strauss'7 reported a poor correlation between direct and indirect measurements of sinoatrial conduction time in rabbit hearts. Shortening of sinus node action potentials by extrastimuli elicited in late atrial diastole (which were unable to capture and reset the sinus node) resulted in return cycles (A2-A3) which were less than compensatory (pseudo-reset). This caused underestimation of true sinoatrial conduction time when calculated indirectly. Bonke and associates'8 demonstrated in the isolated right atrium of the rabbit that premature atrial extrasystoles-elicited early in the atrial cycle caused pacemaker shifts within the sinus node. The curves depicting the atrial return cycle response to extrastimuli in man differ significantly from those obtained by Miller fig. 1) , suggesting unaltered sinus automaticity in man as opposed to nonuniformity of these responses in animal experiments. Moreover, in man the P wave morphology of return beat (A3) during reset approximates that of the normal sinus beat, suggesting absence of major pacemaker shifts in the sinus node ( fig. 2 C, D) .
It has recently been reported that sinoatrial conduction times in patients with sinus node dysfunction are significantly longer than in those with apparently normal sinus node function. Steinbeck et al.3 reported that sinoatrial conduction time ranged from 105 to 150 msec, with a mean of 133 msec, in three patients with sinus node dysfunction. Masini et al."6 reported seven patients with sinus node dysfunction in whom sinoatrial conduction times ranged from 75.5 to 148.5 msec with a mean of 126 msec. Similar results were reported by Engel and co-workers. 4 In the present report, 29% of patients with suspected sinus node disease had prolonged sinoatrial conduction time, as opposed to 2% of patients without suspected sinus node disease.
In our series, prolonged sinoatrial conduction time was associated with a high incidence of electrocardiographic abnormalities of sinus node function. Sinus bradycardia and/or sinoatrial block was a frequent finding (19 of 24 patients). Only 13 of 24 patients underwent 24 hours tape recorded electrocardiographic monitoring for detection of bradyarrhythmia. Application of this technique to more of our patients might have uncovered additional electrocardiographic sinus node abnormalities. Atrial tachyarrhythmia was also common, although not significantly more frequent than in patients with sinus node dysfunction without prolonged sinoatrial conduction time.
We noted a poor correlation between prolonged sinoatrial conduction time and sinus node recovery time. Sinus node recovery times were prolonged in only five of the 24 patients with prolonged sinoatrial conduction times. It should be emphasized that sinus node recovery time and calculated sinoatrial conduction time identify two different aspects of sinus node function. The recovery time is a measure of automaticity while sinoatrial conduction time is a measure of perinodal conduction.1-4 17, 21, 22 Among other factors, one of the determinants of sinus recovery time is the ability of driven atrial impulses to penetrate the sinus node.21 Increased refractoriness and/or depressed perinodal conduction might allow fewer driven atrial impulses to penetrate the sinus node (sinus entrance block) resulting in pseudo-shortening of recovery time. 22 There was a relatively high incidence of prolonged atrial There was frequent evidence of both electrocardiographic and electrophysiologic abnormalities of conduction through the A-V node and intraventricular conduction system in patients of the present series. These observations are consistent with those of previous workers, who reported a high incidence of A-V conduction defects in patients with sinus node disease.4 ' 23-25 The clinical course of our patients with prolonged sinoatrial conduction time was relatively benign. Syncope occurred in only three of our 24 patients. The incidence of congestive heart failure was also low and more than 80% of patients were in cardiac functional class I or II. Permanent pacemakers were required in only four patients for symptomatic bradyarrhythmia, despite a high incidence of electrocardiographic evidence of sinus node dysfunction. The decision for permanent pacemaker therapy was a clinical decision, based upon documentation of symptomatic bradyarrhythmias.
Our short-term results suggest that prolonged sinoatrial conduction time with or without electrocardiographic evidence of sinoatrial dysfunction, in the absence of symptoms, is not an indication for prophylactic pacemaker insertion. Additional prospective studies utilizing measurement of sinoatrial conduction time, as well as other clinical and electrophysiological parameters of sinus node function, will be necessary before it is known whether a group of patients in need of prophylactic pacing can be detected. It is our opinion at present that the decision for pacing patients with suspected sinus node dysfunction should be made on the basis of clinical symptoms.
Procainamide and quinidine both tended to prolong the effective refractory period of atrial, ventricular, and accessory pathway tissue as well as to slow antegrade and retrograde conduction in the accessory pathway. However, exceptions were noted.
The assessment of pharmacological effects was frequently limited using determinations of refractory periods alone. Because of the variability observed in drug response, patients with Wolff-ParkinsonWhite syndrome and a history of atrial fibrillation with a rapid ventricular response should have atrial fibrillation electively induced while on therapy with procainamide or quinidine.
when used to assess the potential value of various pharmacologic agents. However, these measurements cannot always be made because of atrial and ventricular muscle refractoriness. Additional information is provided by elective induction of atrial fibrillation before and after drug administration. Several authors have described an approximately linear relationship between the antegrade effective refractory period (AERP) of the accessory pathway (AP) and the maximal ventricular response during atrial fibrillation.' 121 The purpose of this study was to evaluate the usefulness of both refractory period determination and elective induction of atrial fibrillation in assessing the effect of antiarrhythmic therapy in patients with pre-excitation.
Materials and Methods
Thirty-three patients (25 male, 8 female) with WolffParkinson-White syndrome were selected for drug study because the short ERP of their accessory pathway (AP) per-
